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1 Introduction

In the RAN#68 meeting, the Work Item on “Support of single-cell PTM transmission in LTE” was approved [1], aims to specify technical solutions for the SC-PTM transmission. One objective is to specify air interface aspects to support the SC-PTM operation. In particular:
· SC-PTM configuration: 

· Use one Group-RNTI per TMGI.

· Provisioning of the SC-PTM configuration using a SC-PTM specific MCCH.

· Support transmission schemes associated with Transmission Mode 1, 2 and 3 for SC-PTM transmission. 

In this contribution, we will discuss the search space to carry PDCCH scrambled with Group-RNTI for SC-PTM transmission. Given that PDCCH search space is a physical layer issue, we propose to send an LS to RAN1 and ask RAN1 to discuss and specify necessary changes in their specifications.
2 Discussion
2.1 MCPTT scalability guidance 
TS 22.179 [2] provides the following guidance on the MCPTT scalability:
Annex C (informative): MCPTT scalability guide
The MCPTT Service might support a range of 36 to 150 simultaneous MCPTT Group Calls in every cell of the MCPTT system per regional regulatory requirement.

If we assume all the MCPTT group calls are voice calls (which is the most typical traffic type) and the SC-PTM scheduling periodicity for the voice call is 40ms, given that there is one Group-RNTI per TMGI (i.e. per group), then in order to satisfy the MCPTT scalability guidance, the system needs to support 9~37 PDCCHs scrambled with Group-RNTI per radio frame.
Observation 1: The system needs to support 9~37 PDCCHs scrambled with Group-RNTI per radio frame for MCPTT, assuming the SC-PTM scheduling periodicity is 40ms.

2.2 Capacity analysis on existing CSS

For SC-PTM, since the transmission will address a group of UEs, it is nature to consider existing CSS (Common Search Space) to carry the PDCCHs scrambled with Group-RNTI.

As indicated in Table 1 (copied from Table 9.1.1-1 of TS 36.213 [3]), the existing CSS includes 16 CCEs. In some scenarios, e.g. when the system bandwidth is less than 10MHz, 16 available CCEs may hardly be guaranteed for CSS. However, in these scenarios, PDSCH capacity is also expected to be limited. Therefore, in this contribution, the discussion will focus on the scenarios with sufficient CCEs in CSS.
Table 1: Existing CSS

	Search space 
	Number of PDCCH
 candidates 

	Type
	Aggregation level (AL)
	Size [in CCEs]
	

	Common
	4
	16
	4

	
	8
	16
	2


In Table 2, the capacity of existing CSS is represented as the number of PDCCH candidates per radio frame. For TDD system, since the number of DL subframes is less than that in FDD system, the CSS capacity is also less than that in FDD system.
Table 2: Capacity of existing CSS (number of PDCCH candidates per radio frame)
	
	FDD
	TDD 

(Config#0)
	TDD 

(Config#1)
	TDD

 (Config#2)

	Aggregation Level 4
	40
	16
	24
	32

	Aggregation Level 8
	20
	8
	12
	16


Currently, DCI format 1A/1C scrambled by SI-RNTI/P-RNTI/RA-RNTI, DCI format 3/3A scrambled by TPC-PUCCH-RNTI/TPC-PUSCH-RNTI and DCI format 0 scrambled by Temporary C-RNTI are transmitted in CSS. According to the analysis in [4], on average 3~4 DCIs are required in CSS per radio frame. Assuming 4 PDCCHs are transmitted per radio frame for existing procedures, and then we can get the available capacity in existing CSS for SC-PTM transmission, as illustrated in Table 3. 
Table 3: Available PDCCH candidates per radio frame for SC-PTM in existing CSS
	
	FDD
	TDD 
(Config#0)
	TDD
 (Config#1)
	TDD
 (Config#2)

	Aggregation Level 4
	36
	12
	20
	28

	Aggregation Level 8
	16
	4
	8
	12


As observed in Table 3, if PDCCHs scrambled with Group-RNTI are provided with Aggregation Level 4, then existing CSS can provide sufficient capacity for SC-PTM transmission. However, if PDCCHs scrambled with Group-RNTI are provided with Aggregation Level 8, the capacity of existing CSS may be limited for FDD system when there are more than 64 simultaneous group calls and for TDD system in some UL/DL configurations.
If companies think that the capacity of existing CSS is limited for SC-PTM transmission and enhancements are deem necessary, some potential solutions might be considered, for example, extending the existing CSS, introducing group-specific search space, or use of SPS. UE complexity on PDCCH blind decoding and PDCCH blocking probability are the two key factors to consider when choosing the appropriate solution. Given that PDCCH search space is a physical layer issue, we propose to send an LS to RAN1 and ask RAN1 to discuss and then specify necessary changes in their specifications.
Proposal: Send an LS to RAN1 and ask RAN1 to discuss and decide what PDCCH search space is used to transmit the DCI for SC-PTM scheduling, and to specify the necessary changes in RAN1 specifications after the decision is made.
3 Conclusion

In this contribution, we discussed the search space for supporting SC-PTM transmission and we have the following proposal:

Proposal: Send an LS to RAN1 and ask RAN1 to discuss and decide what PDCCH search space is used to transmit the DCI for SC-PTM scheduling, and to specify the necessary changes in RAN1 specifications after the decision is made.
The draft LS to RAN1 is provided in [5].
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